Abstract. although cytotoxic chemotherapy is essential in epidermal growth factor receptor (EGFR)-mutated non-small cell lung cancer (nSclc), it is unclear which regimen is most effective. We retrospectively compared the efficacy of standard platinum-based chemotherapy with that of combination chemotherapy using vinorelbine (Vnr) plus dihydropyrimidine dehydrogenase-inhibitory fluoropyrimidine (Dif) in EGFR-mutated lung adenocarcinomas, and we investigated a potential mechanism by which the combination chemotherapy of Vnr + Dif was favorable in the treatment of EGFR-mutated lung adenocarcinoma in vitro. in our retrospective analysis, the response rate and disease control rate afforded by the Vnr + Dif treatment tended to be better than those by platinum-based chemotherapy, and the progression-free survival of the 24 VNR + DIF-treated patients was significantly longer than that of the 15 platinum-based chemotherapy patients. in EGFR-mutated Pc9 cells, Vnr induced egfr dephosphorylation at a clinically achievable concentration. 1Br3-lr cells, a line of fibroblast cells transfected with a mutant EGFR construct, were completely resistant to gefitinib in the medium containing 10% fetal bovine serum (fBS), whereas the sensitivity of these cells to gefitinib was increased in 0.5% FBS-containing medium. Similarly, the sensitivity of 1Br3-lr cells to Vnr was increased when they were cultured in low-serum condition. in addition, sodium orthovanadate (na 3 Vo 4 ) inhibited the EGFR dephosphorylation induced by VNR or gefitinib and suppressed the cell growth inhibition by these agents in Pc9 cells. VNR and gefitinib showed synergistic cell growth inhibition in combination with 5-fluorouracil (5-FU) in PC9 cells. We propose that the egfr dephosphorylation induced by Vnr is related to cell growth inhibitory activity of Vnr, and that this is one of the mechanisms of the synergistic effect of Vnr + 5-fu in EGFR-mutated lung cancer cells. in conclusion, the combination chemotherapy of Vnr + Dif may be a promising treatment for nSclc patients with EGFR mutations.
Introduction
lung cancer is the leading cause of cancer-related death worldwide. More than 80% of lung cancers are non-small cell lung cancers (nSclcs), and lung adenocarcinoma is the most common type of nSclc. the median survival of patients with metastatic nSclc treated with cytotoxic chemotherapy agents is 10-12 months (1, 2) . epidermal growth factor receptor (egfr), a member of the family of growth factor receptor tyrosine kinases, is expressed in a variety of solid cancers. EGFR somatic mutations were identified in 5-40% of NSCLCs, and is especially common in never-smokers, women, asians, and patients with adenocarcinoma (3) (4) (5) (6) . nSclcs harboring-activated EGFR mutations are addicted to egfr signaling, and treatment with small-molecule egfr-tyrosine kinase inhibitors (tKis) such as gefitinib and erlotinib demonstrated dramatic responses to lung adenocarcinomas with EGFR mutations (7, 8) . However, almost all lung adenocarcinoma patients with EGFR mutations Favorable effect of the combination of vinorelbine and dihydropyrimidine dehydrogenase-inhibitory fluoropyrimidine in EGFR-mutated lung adenocarcinoma: Retrospective and in vitro studies who respond to egfr-tKis ultimately develop resistance to these agents. therefore, to prolong the survival time of advanced nSclc patients with EGFR mutations, conventional cytotoxic chemotherapy is necessary regardless of whether it is administered before or after treatment with egfr-tKis. at present, the combination of platinum with one of several chemotherapeutic agents [docetaxel, paclitaxel, gemcitabine, vinorelbine (Vnr), irinotecan, pemetrexed or ft-5-chloro-2,4-dihydroxypyridine-potassium oxonate (S-1)] is considered a standard chemotherapy for advanced nSclc (1,2,9,10). However, non-platinum combinations of third-generation drugs such as gemcitabine + Vnr have less toxicity and almost equivalent efficacy compared to platinum-based chemotherapy (11) . therefore, non-platinum combination chemotherapy can be an option as a first-line treatment, even in patients with advanced nSclc harboring EGFR mutations.
Vnr, which is widely used to treat solid tumors such as nSclc and breast cancer, is a semisynthetic vinca-alkaloid derived from vinblastine. this chemotherapeutic agent is one of the standard treatment agents for elderly patients with nSclc (12) , and, in combination with cisplatin, Vnr is the only third-generation drug that demonstrated a consistent improvement of survival in the adjuvant setting of resected nSclc (13) (14) (15) .
uft is an oral anticancer agent combining tegafur (ft) and uracil at a molar ratio of 1:4. FT is a prodrug of 5-fluorouracil (5-fu), and uracil is a competitive and reversible inhibitor of dihydropyrimidine dehydrogenase (DPD), the rate-limiting enzyme responsible for the catabolism of 5-fu. S-1 is a novel oral fluorouracil antitumor drug that combines FT, 5-chloro-2,4-dihydroxypyridine (which inhibits DPD activity), and potassium oxonate (which reduces gastrointestinal toxicity). UFT and S-1 are referred to as dehydrogenase-inhibitory fluoropyrimidine (Dif).
uft is effective in prolonging the survival of patients with NSCLC after surgical resection (16, 17) . In a recent phase Ⅲ trial, the combination chemotherapy of S-1 with carboplatin was not inferior in terms of overall survival (oS) compared with a standard chemotherapy, carboplatin and paclitaxel, for patients with advanced nSclc (9) . these results suggest the potential of Dif as a chemotherapeutic agent for advanced nSclc.
We reported the schedule-dependent synergistic effect of Vnr and subsequent 5-fu or uft on nSclc in vitro and in an animal model (18) . Based on these preclinical data, we conducted two phase Ⅱ studies of VNR + DIF, under which Vnr was infused on days 1 and 8, and 600 mg/day uft or 80 mg/m 2 /day S-1 was administered daily from day 2 to 6 and from day 9 to 13 in a 3-week cycle. the combination therapy of Vnr + uft was shown to be feasible and active in the treatment of elderly patients with advanced nSclc (19) . Promising results were also observed in unselected advanced nSclc patients treated with the combination of Vnr + S-1 (20) .
in the process of clinical trials and clinical practice applying the combination treatment of Vnr + Dif for advanced nSclc, we noticed that patients exhibiting long-term stable disease tended to harbor EGFR mutations. This finding raised a hypothesis that the combination treatment of Vnr + Dif may be specifically effective in NSCLC patients with EGFR mutations.
in the present study, we retrospectively compared the efficacy of the combination treatment of VNR + DIF with that of the standard platinum-based chemotherapy in patients with lung adenocarcinoma harboring EGFR mutations. We also sought to identify the mechanism by which the combination chemotherapy of Vnr + Dif was more favorable than platinum-based chemotherapy in nSclc harboring EGFR mutations in vitro.
Materials and methods
Comparison of the effects of chemotherapies. We retrospectively reviewed 39 lung adenocarcinoma patients harboring EGFR mutations who were diagnosed from november, 2004 to March, 2013 at tottori university Hospital in yonago, japan and who received the combination therapy of Vnr + Dif or platinum-based chemotherapy for the first cytotoxic chemotherapy. the presence of EGFR mutation was evaluated by the polymerase chain reaction (Pcr)-invader method (BMl, inc., tokyo, japan). EGFR mutation analyses were not performed in four cases. these patients achieved long-term progression-free survival (PFS) times of >6 months with gefitinib treatment. The PfS was <6 months in >95% of the EGFR mutation-negative patients (21) . thus, we considered these four patients as EGFR mutation-positive cases.
the differences between the two groups were compared by the Mann-Whitney test and χ 2 or fisher's exact test for numerical and categorized data, respectively. tumor response was evaluated according to the response evaluation criteria in Solid tumors (reciSt) (22) . the oS and PfS times following the first-line cytotoxic chemotherapy was assessed using the Kaplan-Meier method and compared by the log-rank test. P<0.05 was considered significant. Chemicals and reagents. Vnr (Kyowa Hakko Kirin co., ltd., tokyo, japan) was dissolved in distilled water and stored at -20˚C. A stock solution of cisplatin (cDDP) (nippon Kayaku co., ltd., tokyo, japan) was reconstituted with water, diluted in 0.9% sodium chloride solution, and stored at -20˚C. Gefitinib (astrazeneca, cheshire, uK) and 5-fu (Kyowa Hakko Kirin co., ltd.) were dissolved in dimethyl sulfoxide and stored at -20˚C. 3-(4,5-Dimethylhiazol-2-yl)-2,5-diphenyltetrazolium bromide (Mtt) (Wako Pure chemical industries, ltd., osaka, japan) was dissolved in phosphate-buffered saline (PBS) and stored at -20˚C.
Cell lines and cultures. the human nSclc cell line Pc9, which harbors an EGFR exon 19 deletion mutation (Δe746-a750) (23) was obtained from the riKen Bioresource center (ibaraki, japan). the fibroblast cell line 1Br3, stably transfected with a mutant EGFR construct with an l858r replacement in exon 21 (1Br3-lr), was a generous gift from Dr David j. chen (24) . the Pc9 cells were maintained in rPMi-1640 medium supplemented with 10% fetal bovine serum (fBS) and antibiotics (100 u/ml penicillin and 100 µg/ml streptomycin). 1Br3-lr cells were maintained in MeM-α medium supplemented with 10% fBS and antibiotics (100 u/ml penicillin, 100 µg/ml streptomycin, and 2 µg/ml blasticidin). These cells were grown in a humidified atmosphere of 5% co 2 /95% air at 37˚C.
MTT assay. the cell growth inhibition by chemotherapeutic agents was determined by an Mtt assay. cells counted with a hematocytometer were plated in 96-well flat-bottom multiplates (nalge nunc international corp., rochester, ny, uSa) in 100 µl of medium and incubated overnight to permit cell attachment. the medium was then removed from each well and replaced with 100 µl medium containing the drugs for the indicated time. after 72 h, 10 µg of Mtt in 10 µl PBS was added to each well, and incubation was continued for an additional 4 h. thereafter, 100 µl of 0.04 n Hcl in 2-propanol was added, and the multiplates were incubated overnight to solubilize the Mtt formazan crystal. the absorbance of each well was measured at 570 nm wavelength (reference 650 nm) using a tecan Sunrise scanning multiwell spectrometer (tecan japan co., ltd., Kanagawa, japan). each experiment was performed in triplicate for each drug concentration and was independently performed three times.
Immunoprecipitation and western blot analysis. cells were incubated in 6-well tissue culture plates overnight and washed with ice-cold PBS and lysed in lysis buffer [1% nP-40, 0.25% sodium deoxycholate, 150 mM nacl, pH 7.4, 50 mM tris-Hcl, 1 mM eDta, 1 mM naf, 1 mM sodium orthovanadate (na 3 Vo 4 )] including 1 mM phenylmethylsulfonyl fluoride, 1 µg/ml leupeptin, 1 µg/ml aprotinin, and 1 µg/ml pepstatin. after 5 min on ice, lysates were centrifuged at 13,000 x g for 10 min at 4˚C, and the supernatant was then collected. Protein was measured using the Bio-rad Protein assay reagent (Bio-rad laboratories, Hercules, ca, uSa), and protein lysates containing 20 µg of total cellular protein or immunoprecipitates with the indicated antibodies were subjected to discontinuous sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-Page).
Proteins were electrotransferred to a polyvinylidene fluoride (PVDf) membrane (ge Healthcare japan, tokyo, japan) for 60 min at 4˚C at 100 V. Non-specific binding was blocked by incubation with 5% non-fat milk in tris-buffered saline containing 0.1% tween-20 (tBSt) for 1 h at room temperature. after blocking, the membrane was incubated in primary antibody (1X PBSt containing 1% milk, 1:2,000) overnight at 4˚C. The membrane was then washed three times with PBST. the immunoblots were incubated for 1 h in a 1:10,000 dilution of goat anti-rabbit or anti-mouse igg coupled with horseradish peroxidase as a secondary antibody (ge Healthcare japan) in tBSt containing 1% milk.
finally, each protein was detected using an enhanced chemiluminescence detection system (ecl prime) and captured with an imageQuant laS 400 (both from ge Healthcare japan). the antibody against egfr was purchased from Santa cruz Biotechnology, inc. (Santa cruz, ca, uSa). anti-phosphotyrosine antibody (4g10) was purchased from Merck Millipore (Darmstadt, germany), and anti-β-actin antibody was purchased from Sigma-aldrich japan (tokyo, japan).
Assessment of combination effect. a combination index (ci) was calculated using the chou-talalay method (25) and used to evaluate the combination effect of the two drugs. the ci quantitatively depicts synergism (ci<1), addictive effect (ci=1), and antagonism (ci>1).
Results
The characteristics of patients and efficacy of VNR + DIF and platinum-based chemotherapy. a total of 39 patients were included in this retrospective study. the ages of the 39 patients ranged from 35 to 84 years (median age, 65 years), with 16 males (41.0%) and 23 females (59%). all tumors were adenocarcinomas, and 31 patients had stage Ⅳ disease (79.5%). Seven patients received gefitinib prior to cytotoxic chemotherapy.
At the first cytotoxic chemotherapy, 24 patients received Vnr + Dif chemotherapy (Vnr + uft, n=5; Vnr + S-1, n=19) and the other 15 patients received platinum-based chemotherapy. of the 15 patients in the platinum group, eight patients received cDDP-based chemotherapy (cDDP + gemcitabine, n=4; cDDP + docetaxel, n=4), and the seven others received carboplatin-based chemotherapy (carboplatin + paclitaxel, n=5; carboplatin + pemetrexed, n=1; carboplatin + gemcitabine, n=1). Table Ⅰ shows the patient characteristics according to the first-line chemotherapy regimen (VNR + DIF vs. platinum). There was no significant difference between the two regimen groups with regard to age, gender, disease stage, smoking status, egfr mutation type, eastern cooperative oncology group (ecog) performance status (PS), and chemotherapy line. as a later line of cytotoxic chemotherapy, seven (29.2%) patients in the Vnr + Dif group received platinum-based chemotherapy, and four (26.7%) patents in the platinum group received Vnr + Dif treatment.
Both the objective response rate (orr) and the disease control rate (Dcr) of the Vnr + Dif patients were favorable compared with those of the platinum group, although the differences were not significant (54.2 vs. 42.9%, p= 0.74 and 87.5 vs. 71.4%, p=0.39; Table Ⅱ ). Fig. 1 shows the Kaplan-Meier curves for PfS in the Vnr + Dif and platinum groups. the median PFS of the VNR + DIF group was significantly longer than that of the platinum group (7.4 vs. 3.7 months, p=0.02). The median OS was not significantly different between the two groups (36.6 vs. 35.4 months, p=0.34; Table Ⅱ ).
The cell growth inhibition and effect of VNR, CDDP and 5-FU on EGFR phosphorylation in PC9 cells.
Based on the results of the retrospective study, we speculated that Vnr or Dif may have an effect on egfr activity. to address this speculation, we performed in vitro experiments using Pc9 cells harboring an active form of EGFR mutation.
We first evaluated the sensitivity of PC9 cells to VNR, 5-fu, and cDDP. the half-life of Vnr in plasma after intravenous injection is ~20 h (26) , and cDDP is almost completely eliminated within 24 h from plasma (27) . in previous studies, Dif was orally administered to patients for 5 days in the combination of Vnr + Dif (19, 20) , and the 5-fu concentration in plasma stayed roughly constant during an oral intake of Dif (28, 29) . We therefore exposed Pc9 cells to Vnr, cDDP and 5-fu for 24, 24 and 72 h, respectively, and 72 h after the start of drug exposure, we performed an Mtt assay to evaluate the inhibition of cell proliferation. the concentration of Vnr producing a 50% inhibition of cell growth (ic 50 ) was 8.1 nM, that of cDDP was 0.59 µM, and that of 5-fu was 13.8 µM ( fig. 2) , and these are clinically achievable concentrations (26) (27) (28) (29) .
We evaluated the phosphorylation of egfr after the treatment with each drug at the concentrations up to ~2-fold higher than the ic 50 . after the treatment with a 10 nM or higher concentration of Vnr for 24 h, the phosphorylation of egfr was clearly decreased. in the Pc9 cells, this egfr dephosphorylation induced by Vnr appeared 12-24 h after the start of the exposure to 20 nM Vnr ( fig. 3a) , whereas such dephosphorylation of egfr was not detected in the 24-h treatment with 5-fu or cDDP at the concentrations tested ( fig. 3B and c) .
The cell growth inhibition and effects of gefitinib, VNR, CDDP and 5-FU on EGFR phosphorylation in 1BR3-LR cells.
to elucidate whether the suppression of egfr phosphorylation induced by Vnr functions as an anti-proliferative mechanism of Vnr, we used 1Br3 cells (in which egfr is not expressed), stably transfected with the l858r mutant EGFR (1Br3-lr).
We determined the effects of gefitinib, VNR, CDDP and 5-fu on egfr phosphorylation in 1Br3-lr cells. as shown in fig. 4a , the treatment with 10 nM Vnr for 24 h suppressed EGFR phosphorylation as well as gefitinib did, a selective egfr-tKi in 1Br3-lr cells. Similar to the Pc9 cells, neither cDDP nor 5-fu induced the dephosphorylation of egfr.
We evaluated the cell growth inhibition by these drugs in 1Br3-lr cells. in 1Br3-lr cells cultured in 10% fBS-contain ing medium, gefitinib slightly promoted cell growth, although it effectively suppressed egfr phosphorylation. Gefitinib inhibited the cell growth concentration dependently in the medium containing 0.5% fBS ( fig. 4B ), indicating that the proliferation or survival of 1Br3-lr cells is dependent on egfr-mediated signaling in low-serum condition.
We compared the growth inhibitory activities of Vnr, 5-fu, and cDDP in 1Br3-lr cells between normal (10%) and low (0.5%) serum conditions, and we found that the cell growth inhibition by Vnr was enhanced in the low-serum condition compared to that in the normal-serum condition (fig. 4c) . the sensitivity of 1Br3-lr cells to cDDP did not clearly differ by serum concentration (fig. 4D ). in the low-serum condition, 1Br3-lr cells tended to be resistant to 5-fu-induced cell growth inhibition (fig. 4e) .
The effect of Na 3 VO 4 on EGFR phosphorylation and gefitinib-and VNR-induced cell growth inhibition.
to further test whether the egfr dephosphorylation induced by Vnr was related to anti-proliferative effect of Vnr, we tested . total cellular protein (1 mg) from cell lysate was immunoprecipitated using anti-egfr antibody and subjected to a western blot analysis with anti-phosphotyrosine (p-egfr, upper panel), and the membrane was stripped of bound antibodies and re-probed with anti-egfr antibody (middle panel). total cellular protein (20 µg) of the same lysate was subjected to a western blot analysis with β-actin (lower panel). (B and c) Pc9 cells were treated with the indicated concentrations of cDDP or 5-fu for 24 h and processed as described above.
whether na 3 Vo 4 , an inhibitor of protein tyrosine phosphatases, can interfere with the gefitinib-or VNR-induced dephosphorylation of egfr and affect the cell growth inhibition by gefitinib or VNR in PC9 cells. We treated PC9 cells with 50 nM gefitinib or 20 nM VNR in the presence or absence of 50 µM na 3 Vo 4 for 24 h and then evaluated the egfr phosphorylation. the egfr dephosphorylation caused by gefitinib or VNR was clearly inhibited in the presence of na 3 Vo 4 ( fig. 5a and B) .
the cell growth inhibition of Pc9 cells by gefitinib or Vnr was compared in the presence or absence of na 3 Vo 4 . as shown in fig. 5c and D, the cell growth inhibitory activity of both gefitinib and VNR was greatly interfered with by Na 3 Vo 4 .
Synergistic cell growth inhibition by the combination of gefitinib or VNR with 5-FU in PC9
cells. in our previous study, the combination treatment of Vnr and subsequent 5-fu synergistically inhibited cell growth in three nSclc cell lines (18) . in the present study, to reproduce this synergism and to clarify whether egfr suppression by Vnr is related to this interaction, we evaluated the combination effects using the ci and the simultaneous combination of gefitinib and 5-FU, or the sequential treatment of VNR followed by 5-FU. Since gefitinib suppressed egfr activity within 1 h in vitro (6), gefitinib and 5-fu were combined simultaneously.
We treated Pc9 cells with the indicated concentrations of gefitinib + 5-FU for 72 h or VNR for 24 h and 5-FU for the following 72 h, and we calculated the ci ( fig. 6 ). as shown in the Fig., the CI values for the combination of gefitinib and 5-fu were all <1.0, indicating that this simultaneous combination showed synergistic cell growth inhibitory activity against Pc9 cells. Similar results were achieved for sequential exposure to Vnr followed by 5-fu with ci<0.3, which implied strong synergism ( fig. 6B ). 
Discussion
the aim of this study was to evaluate whether the combination of Vnr + Dif is a more effective treatment compared with the standard platinum-based chemotherapy in EGFR-mutated lung adenocarcinoma patients, and then to clarify the underlying mechanism by which VNR + DIF was efficacious in such patients. in the retrospective analysis, the PfS of the patients who received Vnr + Dif chemotherapy was longer than that of the patients who received platinum-based chemotherapy. using mutated egfr-expressing cells, we found that Vnr induced egfr dephosphorylation and that this effect of Vnr may be related to its cell growth inhibitory activity. We propose that egfr inhibition by Vnr may be one of the mechanisms of the synergistic effect by the sequential treatment of Vnr and subsequent 5-fu. in this retrospective study, the characteristics of the patients who received Vnr + Dif chemotherapy were not significantly different from those who received platinumbased chemotherapy. nevertheless, the PfS of the Vnr + Dif treatment group was significantly longer than that of the platinum-based chemotherapy group. the rr and Dcr values of the Vnr + Dif chemotherapy patients also tended to be better than those of the platinum-based chemotherapy patients, although the difference was not significant. These results suggest that the combination of Vnr + Dif may be more effective than platinum-based chemotherapy, at least in terms of the antitumor effect in lung adenocarcinomas with egfr-activating mutations.
Despite the significant difference in PFS, the OS of the present two regimen groups was not significantly different. over one-quarter of the patients in each group crossed over to the other regimen as a later-line treatment. the comparison of oS was performed between small groups (n=24 for Vnr + Dif, n=15 for platinum), and thus the statistical power was low. We suspect that the lack of a significant difference in oS was due to these reasons. in a proportional hazard analysis performed in another study, we found that the application of the Vnr + Dif combination but not platinum-based chemotherapy was a significant and independent factor to prolong survival in lung adenocarcinoma patients with EGFR mutations (unpublished data). these results suggest that Vnr + Dif chemotherapy may be superior to platinum-based chemotherapy in the treatment of lung adenocarcinoma patients with EGFR mutations. to clarify the mechanisms by which Vnr + Dif chemotherapy was favorable in the treatment of EGFR-mutated lung adenocarcinoma, we focused on the effects of Vnr and 5-fu on egfr phosphorylation. in EGFR-mutated Pc9 cells, Vnr induced egfr dephosphorylation 12-24 h after drug exposure at the concentration of 10 nM or higher. in the treatment of nSclc, when 20-30 mg/m 2 of Vnr is administered, a Vnr concentration >10 nM is maintained in peripheral blood for 12-24 h (26) . thus, an egfr-dephosphorylating concentration of Vnr is clinically achievable.
The sufficiently cell growth-inhibiting and clinically relevant concentration of cDDP and 5-fu (27) (28) (29) did not affect the egfr phosphorylation in Pc9 cells. our observation in terms of egfr dephosphorylation by Vnr is in accord with the result of a previous investigation. Wu et al reported that in esophageal cancer cells, the disruption of the microtubule network induced by microtubule-targeting drugs such as docetaxel and vincristine, another vinca-alkaloid, was associated with egfr dephosphorylation and the subsequent inhibition of akt and erk (30) . Vnr is a semisynthetic vinca-alkaloid, a member of the family of microtubule-targeting drugs. although the precise mechanism is still unknown, egfr-suppressing activity may thus be a common property among taxanes and vinca-alkaloids.
to test whether the egfr dephosphorylation induced by Vnr is associated with its anti-proliferative effect, we took advantage of 1Br3-lr cells, which express an active form of egfr. Parental 1Br3 cells do not express egfr. although we observed that 1Br3-lr cells were completely resistant to gefitinib in normal culture medium containing 10% FBS, gefitinib showed cell growth inhibition against 1BR3-LR cells in the medium containing 0.5% fBS. these results indicate that the growth or survival of 1Br3-lr cells is at least partially dependent on egfr signaling in a low-serum condition.
We also found that the growth inhibition of 1Br3-lr cells by Vnr was enhanced in the low-serum condition, although such changes of drug sensitivity were not observed in CDDP-or 5-FU-treated cells. These findings strongly support the interpretation that the enhanced sensitivity to Vnr in the low-serum condition is not a non-specific effect but rather is due to the suppression of EGFR signaling, since both gefitinib and Vnr (and not cDDP or 5-fu) suppressed egfr phosphorylation.
This interpretation is further supported by our finding that na 3 Vo 4 interfered with the egfr dephosphorylation induced by gefitinib and VNR, and suppressed the cell growth inhibition by these agents in Pc9 cells. taken together, our results led us to conclude that Vnr-induced egfr dephosphorylation is associated with the anti-proliferative effect of Vnr in lung adenocarcinoma cell lines harboring EGFR mutations.
We found previously that the combination of Vnr followed by 5-fu resulted in synergistic cell growth inhibition in three nSclc cell lines (18) . the synergism was also observed in Pc9 cells harboring an EGFR mutation with the sequential treatment of Vnr and then 5-fu. therefore, although it still remains to be determined whether the egfr suppression by Vnr itself may lead to a better antitumor effect of Vnr in EGFR-mutated lung adenocarcinoma, it is possible that this synergism also contributed to the favorable antitumor activity observed in patients treated with Vnr + Dif.
in addition, as in an earlier study (31) , the simultaneous combination of gefitinib and 5-FU showed synergistic cell growth inhibition in Pc9 cells in the present study. therefore, the synergism of Vnr followed by 5-fu may be attributable, at least in part, to the egfr-suppressing activity of Vnr.
the important therapeutic target of 5-fu is thymidylate synthase (tS), and the downregulation of tS would be expected to enhance the cytotoxicity of 5-fu (32) . egfr signal transduction has been shown to be involved in the expression of TS genes (33, 34) , and in our previous study, Vnr as well as gefitinib was shown to suppress TS expression (18) . thus, the decrease of tS caused by egfr suppression may be a common mechanism of the synergism by the combination of VNR or gefitinib with 5-FU.
The identification of activating mutations of the EGFR gene in a subset of nSclc patients led to a change in the treatment of the disease (6) , and the presence of EGFR mutations is a predictive marker of response to egfr-tKi (3, 4) . it has been reported that the effect of cytotoxic chemotherapy is not different between patients with and without EGFR mutations (35, 36) . thus, the cytotoxic agents for nSclc patients with EGFR mutations are not different from those used for EGFR wild-type patients. to our knowledge, there has been no prospective study attempting to identify which agents or combination chemotherapy is specifically effective in EGFR-mutated nSclc.
The identification of such cytotoxic agents or combination chemotherapy is expected to improve the survival of nSclc patients harboring EGFR mutations. in the present study, we observed favorable PfS by the combination of Vnr + Dif and the potential mechanism of this good treatment outcome. We propose that the combination chemotherapy of Vnr and Dif can be a promising strategy for nSclc patients harboring EGFR mutations. Since our observations were retrospective and experimental, there are several limitations. to establish the optimal Vnr + Dif combination chemotherapy in nSclc patients with EGFR mutations, we are performing a prospective phase Ⅱ trial of this treatment targeting such patients.
in conclusion, the PfS afforded by the Vnr + Dif combination treatment was significantly longer compared to that of platinum-based chemotherapy in lung adenocarcinoma patients with EGFR mutations. Vnr suppressed egfr phosphorylation in Pc9 cells, and this activity may be related with cell growth inhibition of Vnr, and the synergistic cell growth inhibition when Vnr was combined with 5-fu. the combination chemotherapy of Vnr + Dif may be a promising treatment for nSclc patients with EGFR mutations.
